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Abstract 
This study aims to explore the solar radiation field in southern  Algerian  peninsula, hourly measurements of global and diffuse 
radiant fluxes collected at Ghardaïa site (32.360 N, 3.810 W, 450 m above MSL), from 1 January 2005 to 31 December 2008, are 
employed. These data were used to further addressing radiant fluxes distribution on hourly, daily, monthly and seasonal basis that 
in turn are of particular important from the point of view of proper design of building energy systems as well as accurate 
evaluation of thermal environment within buildings. Results obtained suggest that the annual value of clearness and diffuses 
indexes are respectively 0.68 and 0.37, and the monthly average daily values of global solar radiant flux exhibits seasonal 
variability with higher values in summer (7762 Wh/m2) and lower ones during winter (3915 Wh/m2). Regarding diffuse radiant 
flux, measurements shows that the monthly average daily value is about (1173 Wh/m2) in winter, while it is around (2829 
Wh/m2) in summer. 
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1. Introduction 
The increasing global energy demands and increasing fossil fuel prices stimulate countries to downsize energy 
consumption and exploit renewable energy sources. In addition, environmental problems caused by mass 
consumption of fossil energy (e.g., global warming), are also reason for concern. In general, solar and wind energy 
are thought to be good alternative energy sources for overcoming these problems due to their safety and positive 
contribution to the global environmental state because of their lack of emissions during operation [1].  Studies on 
solar radiation have become an important issue for renewable energy issues stemming from oil crises and other 
environmental problems, thus increasing the need of reliable measurements of surface solar radiation [2]. Data are a 
fundamental input for solar energy applications such as photovoltaic, solar thermal systems, and passive solar 
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design. The data should be contemporary, reliable and readily available for design, optimization and performance 
evaluation of solar technologies for any particular geographical location. Solar energy applications require a 
complete knowledge and detailed analysis about the potentiality of the site so, measurements at ground level is an 
important feature in solar energy conversion systems. This information can be gathered from different data sources, 
such as ground measurements by pyranometers or reference cells or derived from satellite data, the best way for 
knowing the amount of solar radiation components, is to install pyranometers at many locations in the given region, 
and look after their day-to-day maintenance and recording. When measurements are recorded, a strict quality control 
is mandatory in order to build a confident database [3].  
Due to its geographical position in the solar belt, Algeria is blessed with an abundance of solar energy and has the 
opportunity to utilize this bounty of natural energy effectively, promoting a clean environment, and developing 
renewable energy technologies in the region. Ghardaïa city is a dry and arid site, characterized by an exceptional 
sunshine, most often; it has a very important rate of insolation (75% on average) and the mean annual of global solar 
radiation measured on horizontal plane exceeds 20 (MJ/m2). The sunshine duration is more than 3,000 hours per 
year, which promotes the use of solar energy in various fields.  
Global solar radiation data in north-eastern Saudi Arabia was investigated by Ahmet Aksakal et al [4, 5] from 1 
January-31 December for one complete year, the highest measured daily and monthly mean solar radiation were 
found to be 351 and 328 (W/m2), respectively and the highest one-minute averaged solar radiation values up to 1183 
(W/m2) were observed in summer season. Measurement of solar energy radiation in Abu Dhabi was presented by 
M.D Islam et al [6], who found that the highest daily one-minute average daily solar radiation was 1041 (W/m2) 
While the yearly average daily energy input was 18.48 (MJ/m2/day). José Leonaldo et al [1] focused global solar
radiation measurements in Maceió,-Brazil, their results showed that the maximum values of the hourly global 
irradiation in dry and rainy seasons were 3.18 and 2.5 (MJ/m2) respectively while, the peaks of hourly average solar 
irradiation for both periods were 2.79 (MJ/m2).  Mustafa G [7] and Oturanc et al [8] performed an analysis of daily 
total horizontal solar radiation measurement for 9 cities in Turkey. They compared actionograph data with 
pyranometer data of some stations, and developed a nonlinear model between the monthly average daily global solar 
radiation and the ambient temperature. They observed that the maximum value of the monthly average daily hours 
of bright sunshine occurred in June reaching 14.58 hours, while the minimum value was recorded during December 
with 9.41 hours. Statistical analysis of solar radiation measurements in Algeria was performed by F. Youcef [9] et al 
using beta distributions, the results of the first classification show that for each class of daily clearness index, the 
hourly data under consideration are modelled by only one beta distribution and when we use the second 
classification, linear combinations of two beta distributions are found to fit the monthly frequency distributions of 
the hourly solar radiation data.  
    The purpose of this paper is to do an analysis of solar radiation measurements and weather indexes (clearness and 
diffuses index), for helping designers and engineers interested in solar energy field in Ghardaïa site.   
2. Solar data measurements 
      The measured data of solar radiation used in the present study, were collected by a radiometric station (Fig. 1), 
with high precision, which was installed at the roof of ARURE. This station has two parts: a fixed one consist of 
EKO pyranometer for the measurement of global radiant flux on horizontal plan, and a moving part, which is able to 
track the path of the sun from sunrise to sunset. This part is consist with EKO pyrheliometre, which is pointed at the 
sun disk for measuring the direct (beam) solar component, received on a normal plan, and other EKO pyranometer, 
for the measurement of diffuse radiant flux on horizontal plan equipped with a shadow band for hiding the radiant 
flux coming directly from the sun disk.  All solar instantaneous components (diffuse, direct and global) are made 
with an interval of five minutes for each one.  
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Fig.1. Radiometric station
3. Results and discussion 
3.1. Monthly and annual values of global and diffuse solar radiation 
Monthly and annual values of global and diffuse solar radiation have been recorded and presented in Tables 1 
and 2, for a period of four years, from 1 January 2005 to 31December 2008. From Table 1, we can note that, the 
yearly values of global solar radiation were ranged between 2000 (kWh/m2), in 2008 and 2126 (kWh/m2) in 2007. 
The yearly average value was 2061 (kWh/m2). Considering the monthly values, the absolute maximum was 251 
(kWh/m2) in July 2007, while the absolute minimum was 86 (kWh/m2) in January 2007. According to the Table 2, 
the minimum value of diffuse solar radiation is 23 (kWh/m2), was recorded in January 2007, and against the 
maximum value is 122 (kWh/m2) in August 2008, while the annual average value is 734 (kWh/m2). 
Table 1 
Monthly and annual totals of global solar radiation (kWh/m2) falling on horizontal surface. 
Year Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Total 
2005 120 140 181 220 240 234 233 163 181 150 121 107 2090 
2006 102 132 205 214 216 240 242 111 178 165 127 95 2027 
2007 86 127 194 203 243 244 252 215 178 153 130 101 2126 
2008 
Mean 
126 
109 
136 
134 
187 
192 
212 
212 
236 
234 
251 
242 
151 
220 
205 
174 
134 
168 
135 
151 
123 
125 
104 
102 
2000 
2061 
Table 2 
Monthly and annual totals of diffuse solar radiation (kWh/m2) falling on horizontal surface. 
Year Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Total 
2005 29 40 78 70 91 89 108 60 63 51 35 30 744 
2006 37 44 46 83 94 102 87 86 58 40 32 30 739 
2007 23 41 53 83 72 83 77 79 79 61 27 30 708 
2008 
Mean 
27 
29 
47 
43 
58 
59 
70 
77 
100 
89 
71 
86 
68 
85 
122 
87 
62 
66 
60 
53 
27 
30 
33 
31 
745 
734 
Pyranometer with shadow band: for 
diffuse solar radiation measurement 
Pyrheliometre: for direct (beam) 
solar radiation measurement  
Pyranometer: for horizontal and 
tilted global radiation measurement  
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3.2. Monthly average daily values of global solar radiation and clearness and diffuses indexes 
The daily average values of global solar radiation H, is an effective parameter when considering both the 
clearness and diffuses indices, Kt and Kd, respectively. Of more interest, the values of both Kt and Kd, are of 
importance when expecting the stability of the weather conditions at the site. Table 3 shows the average values of 
the global solar radiation (Hav) beside the corresponding values of Kt and Kd, averaged from the four years period of 
the data. For an average year, the daily annual average value of H was more than 6 (kWh/m2), and the corresponding 
values for Kt and Kd were 0.68 and 0.37 respectively. For the summer season, the average value of Kt was 0.69, 
while it was 0.67 in the winter. Similarly, the corresponding values for Kd were 0.38 and 0.35. The monthly average 
daily variation of both clearness Kt and diffuse Kd are shown in Fig. 2.   
   
Fig.2. Monthly variation of the average daily values of both clearness and diffuse indexes   
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Table 3 
Monthly average daily values of global solar radiation, Hav (Wh/m2) beside the corresponding values of Kt and Kd
Year Month 
 Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. 
            
        Hav 3871 4842 5926 7339 7745 7812 7503 7090 6036 4824 4030 3437 
2005  Kt 0.70 0.70 0.68 0.72 0.70 0.68 0.67 0.68 0.66 0.65 0.68 0.67 
          Kd 0.27 0.32 0.46 0.33 0.40 0.40 0.48 0.38 0.38 0.37 0.31 0.33 
                
         Hav 3303 4702 6578 7130 6959 8001 7818 7381 5947 5327 4229 3055 
2006  Kt 0.60 0.68 0.77 0.70 0.63 0.70 0.69 0.71 0.66 0.72 0.71 0.59 
          Kd 0.43 0.35 0.24 0.40 0.49 0.45 0.37 0.26 0.38 0.28 0.28 0.43 
              
          Hav 3903 4518 6253 6775 7845 8149 8116 6932 5920 4922 4341 3482 
2007  Kt 0.70 0.65 0.73 0.67 0.71 0.71 0.72 0.66 0.65 0.66 0.73 0.67 
          Kd 0.30 0.38 0.30 0.45 0.32 0.35 0.31 0.40 0.47 0.43 0.21 0.34 
               
          Hav 4066 4686 6036 7077 7607 8379 7536 6604 5572 4361 4244 3341 
2008  Kt 0.73 0.68 0.7 0.7 0.68 0.73 0.66 0.63 0.62 0.58 0.71 0.65 
          Kd 0.24 0.38 0.34 0.37 0.45 0.28 0.45 0.44 0.5 0.51 0.23 0.37 
3.3. Hourly variation of global radiant flux 
       The hourly values of global radiant flux through a four year period were the basic data for this analysis. Data of 
Table 4 has been designed in the form of hourly distribution curves for global radiant flux, shown in Fig. 3 for 
winter, spring, autumn, and summer seasons, respectively. All curves show a symmetrical trend around midday.  
Table 4 
Hourly distribution of global solar radiation (Wh/m2) falling on horizontal surface. 
Month Time (hours) 
6 7 8 9 10 11 12 13 14 15 16 17 18 19 
January 0 0 30 209 404 563 656 682 642 535 373 157 20 0 
February 0 0 77 288 499 657 758 785 763 653 492 290 74 0 
March 0 15 162 394 602 759 858 879 827 688 502 336 125 0 
April 0 110 346 573 776 906 979 1001 952 841 673 438 160 16 
May 21 180 408 629 807 931 1008 1019 1000 891 718 508 280 76 
June 47 199 413 636 828 958 1019 1032 982 870 703 491 284 82 
July 14 110 349 569 747 885 951 953 939 843 676 476 265 79 
August 0 105 321 544 730 869 946 976 926 838 671 467 240 52 
September 0 58 245 466 653 789 847 851 804 705 511 279 93 0 
October 0 31 215 440 628 771 852 847 777 645 470 242 35 0 
November 0 0 131 337 522 649 721 721 657 527 330 131 0 0 
December 0 0 53 240 418 548 623 622 570 451 285 91 0 0 
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Fig 3 Hourly distribution of average daily global solar radiation. (a) For winter, (b) for spring, (c) for summer and (d) for autumn 
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3.4. Frequency distribution of global solar radiation  
        The field performance of solar energy system is sensitive to a number of design variables. To those interested 
in the use of solar energy for heating, cooling, sizing the photovoltaic power systems, and design of building energy, 
the frequency distribution of global radiation has a particular interest. In this paper, any number of years of data for 
a particular month is first assembled, the days are then classified into eight radiation levels spaced at an interval of 
1165 (Wh/m2). The choice of the space interval between radiation levels was to facilitate comparison with other 
geographical locations. In this way, the expected number of days in a given month of the year in which daily solar 
radiation falls within a specified range of values were counted and presented in Table 5. There is no expected day 
with radiation level below 1165 (Wh/m2) during the whole year, days with radiation level between 1165 and 4660 
(Wh/m2) are expected in the winter and fall season. The days with radiation level between 5825 and 8155 (Wh/m2) 
are expected in the spring, summer and fall season, while days with radiation level higher than 9320 (Wh/m2) are 
expected in the summer season only. Table 6 presents the percentage frequency distribution; the annual number of 
days is as the percentage of all days in the four year period of data. On a seasonal basis, it appear that, during the 
winter season, 21.5% of all days have radiation level between 2330 and 3495 (Wh/m2), 40.5% get between 3495 and 
4660 (Wh/m2) and only 12% of all days have radiation level above 5825 (Wh/m2). In the spring and autumn period, 
20% of all days reach 5825 (Wh/m2), 23 % have radiation level between 6990 and 8155 (Wh/m2) and only 3 % get 
between 8155 and 9320 (Wh/m2). In the summer season, 72% of all days have level between 6990 and 8155 
(Wh/m2) while 18 % exceed 9320 (Wh/m2) level for the year as a whole. 
Table 5  
Monthly expected number of days with radiation level falls within specified range of energy. 
Radiation level Jan. Feb. March Apr. May June July Aug. Sept. Oct. Nov. Dec. Annual total 
                            
1165-2330 - - - - - - - - - - - 1 1 
2330-3495 8 - - - - - - 1 - - 2 18 29 
3495-4660 23 14 - - - - - - - 13 25 12 87 
4660-5825 - 15 6 - - - - 1 12 16 3 - 53 
5825-6990 - - 19 12 6 - - 7 18 2 - - 64 
6990-8155 - - 5 18 19 14 30 22 - - - - 108 
8155-9320 - - - - 6 16 1 - - - - - 23 
               
Total 31 29 31 30 31 30 31 31 30 31 30 31 365 
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Table 6  
Percentage frequency distribution of daily total of global solar radiation. 
Month Radiation level 
  1165-2330 2330-3490 3490-4655 4655-5815 5815-6985 6985-8150 8150-9315 
    
January - 25.8 74.19 - - - - 
February - - 48.27 51.72 - - - 
March - - - 19.35 61.29 16.12 - 
April - - - - 40 60 - 
May - - - - 19.35 61.29 19.35 
June - - - - - 46.66 53.33 
July - - - - - 96.77 3.22 
August - 3.22 - 3.22 22.58 70.96 - 
September - - - 40 60 - - 
October - - 41.93 51.61 6.45 - - 
November - 6.66 83.33 10 - - - 
December 3.22 58.06 38.7 - - - - 
4. Conclusion 
 The intention of the present analysis is to help designers and users in evaluating the Ghardaïa's site potential for 
solar energy applications. An integral view of this paper shows that there is an evident variation in the solar 
radiation activity between the four seasons, winter, spring, autumn and summer. Due to this fact, designers are 
advised to track their systems in a seasonal tracking basis; this will reduce the high cost of the instantaneous 
tracking.  
The solar radiation in Ghardaïa area is promising where this study shows that: The annual value of clearness and 
diffuses indexes are respectively 0.68 and 0.37 which reflect the clear skies throughout the year. The monthly 
average daily higher values of global solar radiation recorded in summer season: 7762 (Wh/m2), and lower ones 
during winter: 3915 (Wh/m2). Considering diffuse radiant flux, measurements shows that the monthly average daily 
value is about 1173 (Wh/m2) in winter, while it is around 2829 (Wh/m2) in summer. 
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